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ABSTRACT
T h is  in v e s t ig a t io n  a tte m p ts  to  t e s t  th e  M cCrary-H unter h y p o th e s is -  
t h a t  r e l a t i v e  e r r o r  s e r i a l - p o s i t io n  cu rv es  u n d e r v a ry in g  p r a c t ic e  con­
d i t io n s  o f v e rb a l  le a r n in g  a re  in v a r i a n t .  Two s u b je c t - l e a m in g - le v e l  
g roups, h igh  school s tu d e n ts  v s . m ental d e f e c t iv e s ,  were found to  have 
no s ig n i f ic a n t  d i f f e r e n c e s  in  t r e n d  o f r e l a t i v e  e r ro r  cu rv es. In  l i k e  
manner two v a r ia t io n s  o f  m ean in g fu ln ess , words v s . nonsense  s y l l a b le s ,  
when p lo t t e d  as mean p e rcen tag e  e r r o r  a t  th e  s e r i a l  p o s i t io n s ,  produced 
e s s e n t i a l l y  s im ila r  cu rv es . No adequate  t e s t  cou ld  be made o f  th e  
r e l a t i v e  e r r o r  c u rv es  o f  th e  two v a r ia t io n s  o f  in te r i t e m - in te r v a  1.
v i
INTRODUCTION
■When u s in g  homogeneous m a te r i a l s  and th e  a n t i c i p a t i o n  m ethod , th e  
a sy m m etric a l bow -shaped c u rv e  t y p i c a l l y  r e p r e s e n t s  s e r i a l - p o s i t i o n  e f ­
f e c t s  u n d e r many c o n d i t io n s  o f  s e r i a l  v e r b a l  l e a r n in g  (McGeoch & I r i o n ,  
1953)* I f  mean a b s o lu te  (raw ) e r r o r  i s  p l o t t e d  a t  s e r i a l  p o s i t i o n s  i n  
d i s t r i b u t i o n - o f - p r a c t i c e  ( i n t e r t r i a l  i n t e r v a l )  e x p e r im e n ts , th e  m assed  
p r a c t i c e  c u rv e  l i e s  above th e  d i s t r i b u t e d  p r a c t i c e  cu rv e  and i s  d i f f e r ­
e n t  in  form o r  t r e n d  (H ovland , 1938; H ovland, 1940; P a t te n ,  1 9 3 8 ).
S in c e  th e  l e s s  e f f i c i e n t  m ethod (m assed p r a c t i c e )  p ro d u c e s  many more 
e r r o r s  in  th e  in te r m e d ia te  s e r i a l  p o s i t i o n s ,  th e  g r a d ie n t  o f  t h i s  cu rve  
i s  s t e e p e r ,  th u s  m aking th e  form  s i g n i f i c a n t l y  d i f f e r e n t  from  th e  m ore 
e f f i c i e n t  c o n d i t io n  cu rv e  ( d i s t r i b u t e d  p r a c t i c e ) ,  a lth o u g h  b o th  a r e  bow­
sh ap ed . A s im i la r  phenomenon h a s  b een  o b se rv ed  w ith  o th e r  e x p e r im e n ta l  
v a r i a b l e s ,  e . g . ,  r a t e - o f - s t im u l u s - p r e s e n ta t i o n  ( i n t e r i t e m  i n t e r v a l )
(B raun & Heymann, 1958; H ovland, 1938; H ovland, 1 9 4 0 ), m e a n in g fu ln e ss  
(low  m e a n in g fu ln e ss  v s .  h ig h  m e a n in g fu ln e ss )  (M cCrary & H u n te r, 1953 J 
N o b le , 1953; T sao , 1 9 4 8 ), s u b j e c t - l e a m i n g - a b i l i t y  (s lo w  l e a r n e r s  v s . 
f a s t  l e a r n e r s )  ( E l l i s ,  P r y e r ,  D is te f a n o , & P r y e r ,  I9 6 0 ; M cCrary & H u n te r , 
1953; Noble & F uchs, 1 9 5 9 ). In  each  th e  mean a b s o lu te  e r r o r  o f  th e  l e s s  
e f f i c i e n t  m ethod l i e s  above th e  more e f f i c i e n t ,  and th e  foim  o f  th e  c u rv e s  
i s  s i g n i f i c a n t l y  d i f f e r e n t ,  s in c e  th e  g r e a t e s t  d i f f e r e n c e s  i n  mean e r r o r s  
a r e  a t  th e  in te r m e d ia te  s e r i a l  p o s i t i o n s  and ap p ro ach  c o in c id e n c e  a t  t h e  
i n i t i a l  and f i n a l  p o s i t i o n s .
1
In  an a tte m p t t o  g e t a  more r ig o r o u s  t e s t  o f  th e  L ep ley  (1934) and 
H u ll (1935) th e o ry  o f  th e  bow -shaped s e r i a l - p o s i t i o n  c u rv e , McCrary and 
H un ter conce ived  th e  id e a  o f u s in g  mean r e l a t i v e  e r r o r  r a th e r  th a n  mean 
a b s o lu te  e r r o r  a t  th e  s e r i a l  p o s i t i o n s .  They r e p lo t t e d  H ovland1 s (193&) 
a s  w e ll  a s  t h e i r  ovm d a ta  by e x p re s s in g  mean a b s o lu te  e r r o r s  com m itted 
a t  each s e r i a l  p o s i t io n  a s  a  p e rc e n ta g e  o f  th e  t o t a l  mean e r r o r s  (McCrary 
& H u n te r, 195 3 ). McCrary and H unter r e p o r te d  a  s t r i k i n g  c o n c lu s io n , 
i . e . ,  any e x p e r im e n ta l c o n d it io n  w hich in c r e a s e s  th e  e f f ic ie n c y  o f  
s e r i a l  v e rb a l  l e a r n in g ,  th u s  d e c re a s in g  th e  t o t a l  number o f  e r r o r s  made, 
•w ill red u ce  th e  mean e r r o r s  a t  each  s e r i a l  p o s i t io n  i n  p ro p o r t io n  to  th e  
t o t a l  number o f  e r r o r s  made. Thus th e y  p o s tu la te d  t h a t  th e  d i s t r i b u t i o n  
o f  mean p e rc e n ta g e  e r r o r s  o v e r th e  s e r i a l  p o s i t i o n s  i s  in v a r i a n t  and a  
p a ra m e te r  o f  s e r i a l  v e r b a l  le a r n in g .  Hence cu rv e s  o f  mean p e rc e n ta g e  
e r r o r  w i l l  have no s i g n i f i c a n t  d i f f e r e n c e  i n  t r e n d  u n d e r v a ry in g  
e x p e r im e n ta l c o n d i t io n s .
In  c o n v e r t in g  t h e i r  d iv e rg e n t  a b so lu te  e r r o r  c u rv e s  i n t o  mean r e l ­
a t i v e  e r r o r  c u rv e s  f o r  two v a r i a t i o n s  o f  m e an in g fu ln e ss  (n o n sen se  s y l ­
l a b l e s  v s .  f a m i l i a r  nam es) and subj e c t - l e a m i n g - a b i l i t y  (s lo w  v s .  f a s t  
l e a r n e r s ) ,  McCrary and H unter (1953) i n t e r p r e t e d  t h e i r  r e s u l t s  a s  con­
s i s t e n t  w ith  t h e i r  h y p o th e s is  o f  in v a r ia n c e .  However, no s t a t i s t i c a l  
e v a lu a t io n  was made. Noble and Fuchs (1959) re a n a ly z e d  th e  M cCrary- 
H un ter mean r e l a t i v e  e r r o r  c u rv e s  f o r  slow  and f a s t  l e a r n e r s  and in ­
te r p r e t e d  them a s  b e in g  s i g n i f i c a n t l y  d i f f e r e n t  in  t r e n d  and re p re s e n t in g  
a breakdown o f th e  in v a r ia n c e  p r in c ip l e .  In  a  l a t e r  experim en t d esig n ed  
to  t e s t  th e  in v a r ia n c e  h y p o th e s is  w ith  r e f e r e n c e  to  slow and f a s t  l e a r n e r s ,  
N oble and Fuchs (1959 ) y u s in g  norm al S s , found t h a t  f a s t  l e a r n e r s  made 
r e l a t i v e l y  more e r r o r s  n e a r  th e  c e n te r  o f  th e  l i s t ,  w h ile  th e  slow
3le a r n e r s  made r e l a t i v e l y  more a t  th e  ex trem es . They concluded t h a t  th e  
g e n e r a l i t y  o f  th e  in v a r ia n c e  h y p o th e s is  d id  n o t  ap p ly  to  sub j e c t - l e a m in g -  
a b i l i t y .  B a rn e tt  e t  a l . , ( B a r n e t t ,  E l l i s ,  & P ry e r ,  i 960) in  u s in g  m en ta l 
d e f e c t iv e s  as slow le a r n e r s  and n o rm als  a s  f a s t  l e a r n e r s ,  supported  
Noble and Fuchs* r e s u l t s  co n ce rn in g  sub j e c t - l e a m i n g - a b i l i t y  d i f f e r e n c e s  
a s  a f f e c t in g  th e  p r o b a b i l i ty  d i s t r i b u t i o n .  However, th e  d i f f e r e n c e  ob­
ta in e d  was sm all c o n s id e rin g  th e  wide ran g e  o f a b i l i t y  l e v e l s .  Braun 
and Heymann, (1958) on th e  o th e r  hand, c o rro b o ra te d  th e  M cCrary-H unter 
h y p o th e s is  re g a rd in g  d i s t r i b u t i o n - o f - p r a c t i c e  and m e a n in g fu ln e ss -o f-  
m a te r i a l s .
The purpose o f the  p re se n t in v e s t ig a t io n  i s  to  examine th e  e f f e c t s  
o f s u b je c t - le a m in g - a b i l i ty  (L ), m e a n in g fu ln e ss -o f-m a te ria ls  (M), and 
in te r i te m - in te r v a l  ( I )  on both  th e  a b so lu te  and r e l a t iv e  d is t r ib u t io n  
o f s e r ia l - p o s i t io n  e r ro r s .  An a ttem pt i s  made to  t e s t  th e  McCrary- 
Hunter h y p o th e s is , i . e . ,  to  t e s t  th e  n u l l  h y p o th esis  th a t  mean p e rc e n t­
age e r ro r  curves a re  in v a r ia n t  under vary ing  p ra c t ic e  c o n d itio n s  o f 
s e r i a l  v e rb a l le a rn in g . In  p a r t i c u la r  a more r ig o ro u s  t e s t  i s  made o f 
th e  h y p o th esis  in  regard  to  s u b je c t - le a m in g - a b i l i ty ,  in  which th e re  
a re  c o n tra d ic to ry  r e s u l t s .  McCrary and Hunter d id  n o t make a s t a t i s t i c a l  
t e s t  o f th e  two r e la t iv e  e r ro r  d i s t r ib u t io n s .  Noble and Fuchs made a 
s t a t i s t i c a l  ev a lu a tio n  by te s t in g  r e l a t iv e  e r ro r  s e r ia l - p o s i t io n  (SP) 
in te r a c t io n  e f f e c t s  w ith  s u b je c t - le a m in g - a b i l i ty  (L ), i . e . ,  SP x  L, 
in  a mixed a n a ly s is  o f  v a rian ce  d e s ig i .  However, no tra n sfo rm a tio n  o f 
d a ta  was made in  the a n a ly s is  o f v a rian ce  o f r e l a t iv e  s e r ia l - p o s i t io n  
e r ro r s .  B arn e tt e t  a l .  used  th e  Kolmogorov-Smimov two-sample t e s t  
(S ie g e l,  1956). The p re se n t experim ent makes a s t a t i s t i c a l  ev a lu a tio n  
by t e s t in g  s e r ia l - p o s i t io n  (SP) in te r a c t io n  e f f e c ts  w ith  s u b je c t-
4l e a m i n g - a b i l i t y  (L) a f t e r  an a rc  s in e  tra n s fo rm a tio n  o f r e l a t i v e  e r r o r  
s e r i a l - p o s i t io n  d a ta .
METHOD
S u b je c ts
N orm als and m e n ta l  d e f e c t iv e s  w ere u se d  a s  Ss to  p ro v id e  f a s t  and 
slow  l e a r n e r s .  A l l  th e  SO m e n ta l d e f e c t i v e s  em ployed in  th e  p r e s e n t  
s tu d y  w ere p a t i e n t s  a t  th e  S t a t e  Colony and T ra in in g  S c h o o l, P i n e v i l l e ,  
L o u is ia n a , and had a c l a s s i f i c a t i o n  o f  f a m i l i a l  e t io lo g y .  Both Negro 
and C aucasian  m a le s  and fe m a le s  w ere in c lu d e d . The f a s t  l e a r n e r s  con­
s i s t e d  o f  80 h ig h  sch o o l s tu d e n ts  i n  th e  t e n t h ,  e le v e n th ,  and tw e l f th  
g rad es  o f  P i n e v i l l e  High S c h o o l, P i n e v i l l e ,  L o u is ia n a . Means and SDs o f  
MA and CA d i s t r i b u t i o n s  f o r  n o rm a ls  and d e f e c t iv e s  a re  p re s e n te d  i n  T ab le  
1 . T e s ts  f o r  s ig n i f ic a n c e  o f  mean d i f f e r e n c e  i n  p e rfo rm an c e  w ere made 
betw een sex es  and r a c e s  so a s  n o t  to  p o o l s i g n i f i c a n t l y  d i f f e r i n g  
s u b je c t  g ro u p s .
A ppara tu s
Two word l i s t s  w ere th e  l e a r n in g  t a s k s .  One l i s t ,  con s i  s t i n g  o f  
te n  h ig h ly  f a m i l i a r  t h r e e - l e t t e r  w ords, AA r a t i n g s  in  th e  T h o m d ik e -  
Lorge word c o u n t (T h o rn d ik e  & L orge, 1944 )> r e p re s e n te d  th e  h ig h  mean­
in g f u l  v a r i a t i o n  o f  th e  m e a n in g fu ln e ss  (M) v a r i a b l e .  A second l i s t ,  
c o n s i s t in g  o f  te n  t h r e e - l e t t e r  n o n sen se  s y l l a b l e s ,  r e p re s e n te d  low  
m e a n in g fu ln e s s . The n o n sen se  s y l l a b l e s  w ere  ta k e n  j o i n t l y  from  G laze
^ E l l i s ,  B a m e t t ,  and o th e r s  found  no  s i g n i f i c a n t  d i f f e r e n c e s  b e ­
tw een r a c e s  and  se x e s  in  many le a r n in g  s tu d ie s  o f  m e n ta l  d e f e c t iv e s  
( B a m e t t  e t  a l . , 1959j B a m e t t  e t  a l . , I9 6 0 ; E l l i s  e t  a l . , i 960) .
5
6T a b le  1
D e s c r ip t iv e  S t a t i s t i c s  f o r  S u b je c ts  
o f  E x p e rim en ta l Groups
Group
L earn in g  
L ev e l (L)
I n te r i t e m  
I n t e r v a l  ( i )
M ean ingfu l­
n e s s  (M)
C h ro n o lo g ic a l
Age M enta l Age
Mean SD Mean SD
I High 2" High 1 6 .2 .8 1 5 .3 1 .7
I I High 2" Low 1 6 .2 .8 1 5 .1 1 .4
I I I High 0" High 1 6 .1 1 .0 15 .0 1 .5
IV High 0" Low 1 6 .6 1 .1 1 4 .5 1 .3
V Low 2" High 2 4 .0 8 .2 8 .9 1 .6
VI Low 2" Low 2 2 .1 7 .0 8 .5 1 .6
V II Low 0*’ High 2 0 .4 5 .2 8 .7 1 .2
V III Low 0" Low 2 1 .7 5 .8 8 .4 1 .7
7(1923) and K reuger (1934) t a b l e s ,  i . e . ,  -words w ere u sed  o n ly  i f  th e y  
appeared  i n  bo th  t a b l e s  and had a com parable a s s o c ia t io n  v a lu e  (approx­
im a te ly  95 -  100 ). The h ig h  a s s o c ia t io n  v a lu e  nonsense  s y l la b le s  were 
u sed  in  o rd e r  f o r  th e  d e f e c t iv e s  t o  be a b le  to  le a r n  them to  c r i t e r io n  
in  one le a r n in g  p e r io d . Only Ss who cou ld  re a d  and pronounce th e  t h r e e -  
l e t t e r  w ords and nonsense  s y l la b le s  were- u se d . Ten d i f f e r e n t  o rd e rs  f o r  
each l i s t  were p re p a re d  so t h a t  a l l  words appeared  e q u a l ly  o f te n  a t  each 
s e r i a l  p o s i t io n .  The l i s t s  w ere b la c k  c a p i t a l  l e t t e r s  in  e l i t e  ty p e  on 
w h ite  p a p e r  ta p e  and were p re s e n te d  by a memory drum ( S to e l t in g  M odel), 
w hich exposed ite m s  f o r  2 sec . each in  each  g ro u p , w ith  tim e  betw een ex­
p o su re s  o r  in te r i t e m  i n t e r v a l s  o f  0 sec . in  one group and 2 sec . in  th e  
o th e r  group. These two in te r i t e m  r a t e s  re p re s e n te d  th e  two v a r ia t io n s  
o f  th e  in te r i t e m  i n t e r v a l  ( I )  v a r ia b le .  The i n t e r t r i a l  i n t e r v a l  f o r  a l l  
Ss was 6 sec .
P rocedure
T h is  in v e s t ig a t io n  u t i l i z e d  a  mixed 2 x  2 x  2 x  10 f a c t o r i a l - w i t h -  
rep ea ted -m easu rem en ts  d e s ig p . The main e x p e r im e n ta l v a r ia b le s  w ere 
le a r n in g  l e v e l  (L ), f a s t  and slow  le a m e r s j  in t e r i t e m  i n t e r v a l  ( I )  in  two 
c o n d it io n s ,  0 se c . and 2 s e c . j  and m ean in g fu ln ess  (M) in  two v a r i a t i o n s ,  
h ig h  and low . Thus th e r e  were e ig h t  ex p e rim en ta l g roups o f  20 Ss each . 
The Ss w ith in  th e  fo u r  e x p e r im en ta l groups o f m e n ta l d e f e c t iv e s  and th e  
fo u r  e x p e r im e n ta l groups o f  n o rm als  were random ly a s s ig n e d . The 
a n t ic ip a t io n - p r o n u n c ia t io n  method was u se d , and a c r i t e r i o n  o f  one p e r ­
f e c t  r e c i t a t i o n  was s e t .  The te n  d i f f e r e n t  o rd e rs  o f  th e  a p p ro p r ia te  
s e r i a l  l i s t  were random ly a ss ig n e d  to  th e  20 Ss w ith in  each e x p e rim en ta l 
group so t h a t  each  o rd e r  was re p re s e n te d  tw ic e — i . e . ,  each item  o f  th e  
a p p ro p r ia te  s e r i a l  l i s t  app eared  tw ice  a t  each  s e r i a l  p o s i t io n  o f  each  
e x p e r im en ta l g ro u p , b u t th e  sequence rem ained unchanged.
RESULTS
A bsolu te  E r r o r . Mean t r i a l s  to  c r i t e r i o n  and SDs fo r  th e  e ig h t  
ex p erim en ta l group d i s t r i b u t i o n s  ap p ea r i n  Table 2 . T able 3 p re s e n ts  
th e  mean a b so lu te  e r r o r  p e r  s e r i a l  p o s i t io n  f o r  th e  f a s t  le a rn e rs~ a n  
Groups I  -  IV and f o r  th e  slow l e a r n e r s  in  Groups V -  V II I . The d a ta  
o f  T able  3 a re  p lo t te d  in  F ig u re  1 f o r  th e  f a s t  l e a r n e r s  and in  F ig u re  
2 f o r  th e  slow  l e a r n e r s .  I t  i s  c l e a r l y  e v id e n t from an in s p e c tio n  o f  
th e  two f a m il ie s  o f  cu rv es  t h a t  higfc le a r n in g  l e v e l ,  h ig h  m e an in g fu ln e ss , 
and h ig h  in te r i te m  i n t e r v a l  a re  a s s o c ia te d  w ith  few er e r r o r s ,  w ith  the  
g r e a te s t  r e d u c tio n  b e in g  a t  th e  in t e m e d ia t e  s e r i a l  p o s i t io n s .
The r e s u l t s  o f  an a n a ly s is  o f v a r ia n c e  fo r  a b so lu te  e r r o r  a re  shown 
in  Table 5. A ll  main e f f e c t s  o f  s e r i a l - p o s i t i o n  (S P ), sub j e c t - l e a m i n g -  
l e v e l  (L ), m ean in g fu ln ess  (M), and in t e r ! t e m - in t e r v a l  ( I ) ,  and a l l  f i r s t  
o rd e r  in t e r a c t io n s  w ith  SP, i . e . ,  L x  SP, M x SP, and I  x  SP, were s t a t i s ­
t i c a l l y  s ig n i f i c a n t  w ith  P < .0 1 . Thus p r a c t ic e  c o n d itio n s  o f  h ig h  le a r n ­
in g  l e v e l ,  h igh  m ean in g fu ln ess , and h ig h  in te r i t e m  i n t e r v a l  a re  v e ry  
s u p e r io r  to  t h e i r  low c o u n te r p a r ts ,  These f in d in g s  a re  c o n s is te n t  w ith  
th e  r e s u l t s  o f many in v e s t ig a t io n s  in  s e r i a l  v e rb a l  le a r n in g  (Braun & 
Heymann, 195$; H ovland, 1.938; P a t te n ,  1938; Tsao, 1948). However, th e  
p r in c ip a l  i n t e r e s t  in  s in v e s t ig a t io n  i s  n o t th e  a b so lu te  e r r o r  e f ­
f e c t s  o f  m a n ip u la tin g  thcv.e v a r i a b le s .  R ather th e s e  d a ta  a re  o f fe re d  
to  i l l u s t r a t e  b e t t e r  th e  r e s u l t  o f  changing mean a b so lu te  e r r o r  to  mean 
p e rc en ta g e  e r r o r  a t  th e  s e r i a l  p o s i t io n s .
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9T a b le  2
Mean and  SD f o r  T r i a l s  t o  C r i t e r io n  
and T o ta l  E r r o r s
Group L e a rn in g  L e v e l (L)
I n te r i t e m  
I n t e r v a l  ( I )
M ean in g fu l­
n e s s  (M)
T r i a l s  to  
C r i t e r io n T o ta l  E r r o r s
Mean SD Mean SD
I High 2" High 9 .6 4 .6 4 3 .5 2 4 .8
I I High 2" Low 1 3 .5 3 .6 6 2 .6 2 0 .0
I I I High 0" High 1 7 .5 7 .3 8 9 .7 4 0 .8
IV High 0" Low 2 2 .3 6 .5 1 2 2 .6 3 9 .0
V Low 2 ” High 1 9 .8 9 .1 105 .7 5 4 .4
. VI Low 2" Low 3 1 .2 1 4 .6 1 7 6 .0 9 4 .0
V II Low 0" High 3 2 .9 1 0 .6 1 8 2 .2 6 8 .4
V II I | Low 0" Low . 4 4 .0 1 6 .5 2 6 8 .2 1 2 6 .0
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T a b le  3
Mean A b so lu te  E r r o r  p e r  S e r i a l  P o s i t io n
Group S e r i a l P o s i t io n1 2 3 4 5 6 7 8 9 10
I 1 .5 3 .2 4 .0 4 .9 5 .1 5 .0 5 .7 5 .6 5 .0 3 .4
I I 1.8 3 .6 5 .6 7 .2 8 .2 8 .4 8 .0 7 .1 7 .2 5 .2
I I I 3 .0 5 .8 7 .0 1 0 .4 1 2 .1 1 2 .5 1 2 .0 1 1 .4 9 .7 5 .9
IV 3 .4 6 .4 1 1 .4 1 4 .6 1 5 .6 1 6 .0 1 7 .3 1 5 .6 1 3 .1 9 .0
V 2 .3 6 .8 9 .9 1 2 .2 1 3 .0 1 4 .4 1 5 .0 1 4 .6 1 0 .8 6 .8
VI 6.0 1 2 .3 1 5 .0 2 1 .4 2 2 .9 2 3 .0 2 3 .3 2 1 .6 1 7 .6 1 2 .9
V II 4 .1 8 .4 1 5 .2 2 1 .6 2 5 .4 2 6 .4 2 5 .1 2 4 .2 1 8 .8 1 2 .8
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F ig u re  2
Mean A bsolu te  E r ro r  S e r i a l - P o s i t io n  C urves f o r  th e












O o Group V I, Low L -  2" -  Low M
4
• -----•  Group V I I I ,  Low L -  0" -  Low M
2
0
6 81 2 4 5 93 7 10
S e r i a l  P o s i t io n
R e la tiv e  E r r o r , Mean p e rc en ta g e  e r r o r  f o r  th e  te n  s e r i a l  p o s i t io n s  
ap p ea rs  in  Table 4 . To d e r iv e  mean p e rc en ta g e  e r r o r ,  e r r o r s  a t  each 
s e r i a l  p o s i t io n  were ex p ressed  a s  a  p e rc e n ta g e  o f th e  t o t a l  e r r o r s  f o r  
each S s e p a ra te ly  and th en  averaged  o v e r Ss w ith in  each exp erim en ta l 
group. Comparison o f  T ab les  3 and 4 re v e a ls  a  s t r ik in g  d if f e r e n c e  in  
th e  means f o r  th e  e ig h t p r a c t ic e  c o n d itio n s  a t  each s e r i a l  p o s i t io n .
In  Table 3 th e  a b so lu te  e r r o r  means show extrem e d i s p a r i t y  over a  w ide ■ 
range o f v a lu e s , w h ile  th e  p e rcen tag e  e r r o r  means o f  T able 4 in d ic a te  an 
approxim ate constancy  o v e r th e  e ig h t p r a c t i c e  c o n d itio n s . I t  i s  n o te ­
w orthy , however, t h a t  one ex cep tio n  i n  T able 4  can be observed  a t  s e r i a l  
p o s i t io n s  5 and 6 o f  Group I ,  which show a m arkedly  a ty p ic a l  average 
d if f e r e n c e  o f 3$ from th e  o th e r  means.
The r e s u l t in g  cu rves o f  p lo t t i n g  th e  fo u r  f a s t  le a r n e r  groups o f  
Table 4 a re  shown in  F ig u re  3 and th e  fo u r  slow  le a r n e r  groups in  F ig u re  
4 . A comparison o f  th e se  r e l a t i v e  e r r o r  cu rves w ith  th e  co rresp o n d in g  
a b so lu te  e r r o r  cu rv es  i l l u s t r a t e s  g ra p h ic a l ly  th e  d i f f e r e n c e s  in  T ab les 
3 and 4 m entioned above. The fam ily  o f  fo u r  slow le a r n e r s  in  F ig u re  4 
i s  s t r ik in g ly  s im i la r .  In  l i k e  m anner th re e  o f  the  fo u r  f a s t  le a r n e r  
cu rv es  approach co in c id en ce  w ith in  random f lu c tu a t io n .  Group I ,  men­
tio n e d  above, how ever, h ig h l ig h ts  i t s  a ty p ic a l  p e rcen tag e  e r r o r  means by 
an u n u su a l d e p a r tu re  in  t r e n d  a t  s e r i a l  p o s i t io n s  5 and 6 in  F ig u re  3 , 
The r e s u l t s  o f  an a n a ly s is  o f  v a r ia n c e  o f  p e rcen tag e  sco re s  a f t e r  
an a rc  s in e  tra n s fo rm a tio n  a re  shown in  Table 6 . O ily  one f i r s t - o r d e r  
in te r a c t io n  w ith  s e r i a l - p o s i t i o n —w ith  which t h i s  in v e s t ig a t io n  i s  
p r in c ip a l ly  concerned—was s ig n i f i c a n t ,  I n t e r i t e m - in te r v a l  and s e r i a l -  
p o s i t io n  in te r a c t io n  ( I  x  SP) was s ig n i f i c a n t  a t  th e  .0 5  l e v e l .
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As ex p ec ted , s e r i a l - p o s i t i o n  was h ig h ly  s ig n i f i c a n t  a t  th e  .0 1  l e v e l ,  
b u t no o th e r  main e f f e c t s  ach iev ed  s t a t i s t i c a l  s ig n if ic a n c e .
i
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T ab le  4
Mean P e rc e n ta g e  E r r o r  p e r  S e r i a l  P o s i t io n
Group S e r i a l P o s i t io n1 2 3 4 5 6 7 8 9 10
I 3 .8 7 .9 9 .7 1 0 .6 1 0 .8 1 0 .2 1 3 .6 1 3 .2 1 1 .8 8 .3
I I 3 .2 6 .2 8 .8 1 1 .4 1 3 .3 1 3 .0 1 3 .2 1 1 .3 1 1 .2 8 .4
I I I 3 .7 6 .5 7 .6 1 1 .7 1 3 .3 1 3 .5 1 3 .4 1 2 .9 1 0 .8 6 .7
IV 2 .9 5 .2 9 .4 1 2 .0 1 2 .4 1 3 .2 1 4 .4 1 2 .5 1 0 .6 7 .5
V 3 .0 6 .8 9 .1 1 1 .6 1 2 .5 1 3 .5 1 3 .6 1 3 .3 9 .8 6 .8
VI 3 .9 7 .1 8 .7 1 2 .1 1 3 .1 1 3 .0 1 3 .2 1 2 .5 9 .4 6 .9
V II 2 .5 4 .4 8 .3 1 2 .2 1 4 .0 1 4 .4 1 3 .4 1 3 .4 1 0 .3 7 .1
V I I I 3 .2 6 .1 8 .4 1 0 .3 1 2 .2 1 2 .9 1 2 .9 1 3 .5 1 2 .0 8 .4
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T able  5
A n a ly s is  o f  V ariance  o f  A bsolu te  E r ro r
- Source d f Mean Square F
Between S u b je c ts 159
M ean ingfu lness (M) 1 10, 862.90 22.58**
In te r i te m  I n te r v a l  ( I ) 1 18 ,899 .40 39.29**
L earn in g  L evel (L) 1 42 ,797 .30 88.98**
M x  I 1 219.70 « •  •  •
M x  L 1 2 ,7 2 7 .4 0 5.67*
I  x  L 1 971.80 2 .02
M x  I  x  L 1 1 .00 •  •  •  •
E r ro r  Between S u b je c ts 152 481.00
W ith in  S u b je c ts 1440
S e r ia l  P o s it io n  (SP) 9 3 ,4 9 3 .9 0 139.53-**
M x  SP 9 64.17 2 . 56**
I  x  SP 9 302.09 12. 06**
L x  SP 9 557.96 22.28**
M x  I  x  SP 9 36 .11 1 .44
M x  L x  SP 9 18.38 •  •  •  «
I  x  L x  SP 9 33 .03 1.32
M x  I  x  L x  SP 9 29 .04 1 .16
E r ro r  W ith in  S u b je c ts 1368 25 .04
T o ta l 1599
* P < .05
** P < .01
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T able 6
A n a ly sis  o f  V ariance  o f P e rcen tag es  o f  T o ta l E r ro rs  
(Arc S ine T ransfo rm ation )
Source d f Mean Square F
Between S u b jec ts 159
M eaningfulness (M) 1 0 .8 9 1 .56
In te r i te m  I n te r v a l  ( I ) 1 0 .4 8 # • • •
L earn ing  Level (L) 1 0 .33 • • • •
M x  I 1 0 .9 0 1 .5 3
M x  L 1 3 .8 6 6 .7 7 *
I  x  L 1 0 .5 2 • • • •
M x  I  x  L 1 0 .03 • • • •
E rro r  Between S u b je c ts 152 0 .57
W ith in  S u b je c ts 1440
S e r ia l  P o s it io n  (SP) 9 2225.43 197.46**-
M x  SP 9 4 .6 8 « • • •
I  x  SP 9 23 .09 2 .0 5 *
L x  SP 9 12.42 1 .10
M x  I  x  SP 9 23.43 2 .08*
M x  L x  SP 9 29.26 2,60**
I  x  L x  SP 9 16.86 1 .50
M x  I  x  L x  SP 9 6.03 • • • •
E rro r  W ithin  S u b je c ts 1368 11.27
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DISCUSSION
The r e s u l t s  o f  th e  p r e s e n t  i n v e s t i g a t i o n  o f f e r  su p p o r t  t o  th e  hy­
p o th e s i s  o f  M cCrary and H un ter and a g re e  w ith  th e  f i n d i n g s  o f  Braun and 
Heymann i n  th e  e f f e c t s  o f  two v a r i a b l e s  u n d e r  s tu d y , n am ely , l e a r n in g -  
l e v e l  and m e a n in g f u ln e s s - o f - m a te r i a l . A lthough  v a r i a t i o n s  i n  th e s e  
v a r i a b l e s  p ro d u ce  d i f f e r e n c e s  in  s e r i a l - p o s i t i o n  c u rv e s  o f  a b s o lu te  
e r r o r ,  when th e s e  d a ta  a r e  c o n v e r te d  to  r e l a t i v e  e r r o r ,  th e  r e s u l t i n g  
s e r i a l - p o s i t i o n  fu n c t io n s  r e f l e c t  no d i f f e r e n c e s .  In  r e g a rd  to  s u b je c t -  
l e a m i n g - l e v e l  th e  p r e s e n t  f in d in g s  a r e  n o t  in  ag reem en t w ith  th o s e  
r e p o r te d  by N oble and Fuchs. The l a t t e r  i n v e s t i g a t o r s  found t h a t  f a s t  
l e a r n e r s  made p r o p o r t i o n a t e ly  m ore e r r o r s  in  th e  m id d le  o f  th e  s e r i e s  
and p r o p o r t i o n a t e ly  fe w er a t  th e  e x tre m es  th a n  th e  s low  l e a r n e r s .
The n o n - s i g n i f i c a n t  f i r s t - o r d e r  i n t e r a c t i o n s  in v o lv in g  s e r i a l -  
p o s i t i o n  and s u b j e c t - l e a m i n g - l e v e l  (L x  SP) and m e a n in g fu ln e ss  (M x  SP) 
a r e  i n t e r p r e t e d  to  mean t h a t  t h e  r e l a t i v e  e r r o r  c u rv e s  o f  th e s e  v a r i a b l e s  
a r e  s i m i l a r .  Thus mean p e rc e n ta g e  e r r o r  c u rv e s  o f  S s o f  d i f f e r e n t  i n ­
i t i a l  a b i l i t y  in  s e r i a l  v e r b a l  l e a r n in g  a r e  n o t  e s s e n t i a l l y  d i f f e r e n t .  
S im i la r ly  i n  v a ry in g  p r a c t i c e  c o n d i t io n s  o f  m e a n in g f u ln e s s - o f - m a te r ia l  
th e  r e l a t i v e  d i f f i c u l t y  fu n c t io n s  o f  th e  d i f f e r i n g  c o n d i t io n s  rem ain  
i n v a r i a n t .  In  o th e r  w ords th e  more e f f i c i a i t  v a r i a t i o n  o f  th e s e  
v a r i a b l e s  re d u c e s  a b s o lu te  e r r o r s  a t  each  s e r i a l  p o s i t io n  p r o p o r t io n a t e ly  
to  th e  t o t a l  number o f  e r r o r s  made.
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The s ig n i f ic a n t  in te r a c t io n  in v o lv in g  s e r i a l - p o s i t io n  and in te r i t e m -  
in te r v a l  ( I  x  SP), i f  in te r p r e te d  as above, would mean th a t - th e  r e l a t iv e  
e r r o r  curves o f  th e  two c o n d itio n s  o f  in te r i t e m - in te r v a l  a re  e s s e n t ia l ly  
d i f f e r e n t  o r  t h a t  t h e i r  d if f e re n c e  in  tre n d  cannot be a t t r ib u te d  to 
chance. However, an a l t e r n a t iv e  ex p lan a tio n  i s  o ffe re d  h e re . A tte n tio n  
i s  d ire c te d  again  in  th e  t a b le s  to  th e  a ty p ic a l  Group I  m entioned e a r l i e r .  
T h is group had f a r  few er t r i a l s  to  c r i t e r io n  and t o t a l  e r r o r s  than  th e  
n ex t b e s t group. A lso , mean a b so lu te  e r r o r  a t  th e  s e r i a l  p o s i t io n s  o f  
g re a te s t  d i f f i c u l t y  was l e s s  than  s ix .  F urtherm ore, in  F ig u re  ?>, i t  i s  
indeed  rem arkable t h a t  th e  r e l a t i v e  d i f f i c u l t y  fu n c tio n  o f t h i s  group 
dropped g re a t ly  a t  s e r i a l  p o s i t io n s  5 and 6 , s in ce  much re se a rc h  has 
3hown th a t  th e s e  p o s i t io n s  have a h igh  r e la t iv e  d i f f i c u l t y  in  a 10-item  
s e r i e s .  I t  i s  suggested  t h a t ,  in  combining th e  m ost o p tim a lly  e f f i c i e n t  
c o n d itio n s  of th e  th re e  v a lu a b le s , the  le a rn in g  ta s k  became to o  easy  fo r  
th e  f u l l  power of th e  s e r ia l - p o s i t io n  e f f e c t  to  o p e ra te . Hence e r r o r s  
a t  th e  s e r i a l  p o s i t io n s  were too  few to  ach iev e  s ta b le  means. P o ss ib ly  
th e  tw enty  h igh  school s tu d e n ts  o f t h i s  group, in  a n t ic ip a t in g  th e  easy 
common words in  th e  lo n g e r tim e in t e r v a l ,  made long a s s o c ia t iv e  word 
l in k s  to  b rid g e  th e  d i f f i c u l t  in te rm e d ia te  s e r i a l  p o s i t io n s .  I f  t h i s  
ex p lan a tio n  i s  c o r r e c t ,  th en  the  I  x  SP in te r a c t io n  p o s s ib ly  could  have 
been s u f f i c i e n t ly  a f fe c te d  to  ach iev e  s ig n if ic a n c e  a t  th e  .05  le v e l .  
T h ere fo re , no in te r p r e ta t io n  i s  given fo r  th e  in te r i t e m - in te r v a l  
v a r ia b le ,  s in ce  th e  r e a l  r e l a t i v e  e r r o r  curve o f  Group I  i s  p robab ly  
unknown, and th e se  d a ta  do n o t  p rov ide  an adequate  t e s t  f o r  t h i s  
v a r ia b le  in  reg ard  to  th e  M cCrary-Hunter h y p o th e s is .
SUMMARY
T h is  in v e s t ig a t io n  a t to n p ts  to  t e s t  th e  M cC rary-H unter h y p o th es is -— 
t h a t  r e l a t i v e  e r r o r  s e r i a l - p o s i t i o n  c u rv es  u n d e r v a ry in g  p r a c t ic e  con­
d i t i o n s  a re  in v a r i a n t .  E ig h ty  h ig h  sch o o l s tu d e n ts  a s  f a s t  le a r n e r s  
and 8 0  m en ta l d e f e c t iv e s  a s  slow le a r n e r s  were g iven  s e r i a l  v e rb a l  l i s t s  
o f  two v a r i a t io n s  o f  m e an in g fu ln e ss , words, v s .  nonsense  s y l l a b l e s ,  u s in g  
in te r i t e m  i n t e r v a l s  o f  0 sec . and 2 s e c . Trend d i f f e r e n c e s  o f  th e  
f a m i l ie s  o f  r e l a t i v e  e r r o r  cu rv es  o f  th e  e ig h t  e x p e r im e n ta l groups 
w ere t e s t e d  by u s in g  th e  f i r s t - o r d e r  i n t e r a c t io n  o f  th e  th r e e  v a r ia b le s  
w ith  s e r i a l - p o s i t io n  i n  an a n a ly s is  o f  v a r ia n c e  o f p e rc e n ta g e  sco re s  
a f t e r  an a rc  s in e  t r a n s fo rm a tio n . The two le a r n in g - l e v e l  g ro u p s, h ig h  
sch o o l s tu d e n ts  and m en ta l d e f e c t iv e s ,  had no s ig n i f i c a n t  d i f f e r e n c e  in  
tre n d  in  r e l a t i v e  e r r o r  cu rv e s . L ik ew ise , r e l a t i v e  e r r o r  cu rv es  in v o lv ­
in g  th e  two c o n d itio n s  o f  m ean in g fu ln ess  were found t o  be e s s e n t i a l l y  
s im i la r .
The t e s t  o f  s t a t i s t i c a l  s ig n if ic a n c e  f o r  th e  t r e n d  d i f f e r e n c e  in  
r e l a t i v e  e r r o r  cu rv es  in v o lv in g  th e  two c o n d it io n s  o f  i n t e r i t e m - i n t e r v a l  
was in c o n c lu s iv e . In  com bining th e  th r e e  m ost e f f i c i e n t  v a r i a t io n s  o f  
th e  th r e e  v a r i a b le s ,  th e  le a r n in g  ta s k  p ro b a b ly  became to o  easy  f o r  th e  
f u l l  power of th e  s e r i a l - p o s i t i o n  e f f e c t  to  o p e ra te .  Thus in  one ex­
p e r im e n ta l  group i n s u f f i c i e n t  e r r o r s  w ere made a t  th e  s e r i a l  p o s i t io n s  
to  p ro v id e  s ta b le  means, and th e  t e s t  was b e lie v e d  to  be in a d e q u a te .
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In  b r i e f ,  th e  M cC rary-H unter h y p o th e s is  was su p p o rted  i n  m a n ip u la t­
in g  th e  r e l a t i v e  e r r o r  e f f e c t s  o f  s u b je c t - l e a r n in g - l e v e l  and m e a n in g fu ln e ss -  
o f - m a te r i a l ,  bu t was in c o n c lu s iv e  in  i n t e r i t e m - i n t e r v a l .
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